The Food and Drug Administration Amendments Act of 2007 mandated that sponsors of applicable studies must provide results within one year of study completion. We aimed to analyze the factors associated with reporting of results from interventional studies registered on ClinicalTrials.gov. On May 20, 2010, we retrieved 20 available fields from 57,233 closed studies on the website and identified 31,161 interventional studies that were required to post results. We compared the proportion of studies with results versus studies without results by age, gender, and disease status of participants, by interventions, sponsors, phase of clinical trials, and completion dates. The results of studies were reported for 4.7% of applicable studies, 8% of industry-sponsored studies, 7.5% of Phase II and 6.5% of Phase IV clinical trials, 4.9% of drug studies, and 0% of genetic studies. Withdrawn (n = 486) and suspended (n = 414) interventions did not provide results. The percentage of studies with results varied from 0% to 21% among different sponsors. The first studies with results were completed in 1992. The proportion of studies with results increased over time. Completion dates were not available for 7446 studies. The database does not have fields available to facilitate routine analysis of the rate of compliance with federal law for posting results. The analysis of accuracy of the protocols in relation to the results and publications is not possible without time-consuming evaluation of individual postings and individual publications.
Introduction
Transparency in designing, conducting, and reporting of human experiments and observational studies is essential to guarantee the integrity of clinical research. 1 Registration of clinical trials with information about study sponsors and protocols makes clinical research more transparent. In 2000, the National Institutes of Health (NIH) requested that clinical trials assessing pharmacologic treatments for serious or life-threatening diseases be registered in the ClinicalTrials.gov online database. This website was developed by the National Library of Medicine as an information service for the NIH and the US Department of Health and Human Services. 2 However, at that time, NIH policy did not require mandatory registration of all human studies. In 2005, the World Association of Medical Editors started to require mandatory registration of all clinical studies as a condition of publication. 3 Sponsors must now provide the World Health Organization (WHO) with a minimum dataset of information, including details of study design, recruitment activities, ethics review of research, target sample size, conditions of eligibility for subjects to participate in the study, and primary and secondary outcomes. 4 Stakeholders can find detailed information about study
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Shamliyan protocols on ClinicalTrials.gov, but study results are not yet c onsistently available online. Selective publication of positive results and outcomes [5] [6] [7] led to further scrutiny and called for public disclosure of study results. The Food and Drug Administration Amendments Act (FDAAA) of 2007 mandated that sponsors of applicable studies must provide study flow, baseline subject characteristics, and outcomes after active and control interventions within one year of study completion. 8 The FDAAA regulations defined the following clinical trials as needing to adhere to the requirements: Phase II-IV interventional studies, studies involving any drugs, biological products, or medical devices regulated by the FDA, studies having at least one site in the US or which are conducted under an investigational new drug application or investigational device exemption; and studies initiated or ongoing as of September 27, 2007, or later. [9] [10] [11] [12] Results can be posted within three years of completion of the study for trials investigating off-label use of previously approved drugs.
Registration of clinical trials on ClinicalTrials.gov improved the transparency of clinical research tremendously. [13] [14] [15] Stakeholders can find the WHO minimum dataset for the design of 92,385 studies. 16 Harvard University has recognized the achievement of this website with their Innovations in American Government Award. 17 The degree of sponsor compliance with federal law in providing results of studies on ClinicalTrials.gov has not been examined as yet. We aimed to examine the completeness of the posted study designs and factors associated with reporting study results.
Methods
We retrieved all closed studies from ClinicalTrials.gov as of May 20, 2010 . We retrieved all 20 available fields, including 
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Mandatory reporting of interventional studies conditions into larger diagnostic categories with the first disease stated. For example, when the condition was defined as "arthralgia, pain assessment", we analyzed it under the category of " arthralgia". The available data do not have a single field to define the studies that are applicable to the US Public Law 110-85 (FDAAA), Title VIII, Section 801 for mandatory reporting of results. Therefore, we defined closed not-recruiting interventional trials, excluding Phase 0-I trials, as applicable to comply with FDAAA regulations. We calculated descriptive frequency statistics without formal hypothesis testing because we did not sample the data but rather analyzed all closed studies available. We then compared the proportions of studies having results with the proportions of studies without results in categories of age, gender, disease status, interventions, study sponsorship, types, and completion dates. All calculations were performed with frequency procedure using SAS 9.1 software (SAS Institute Inc., Cary, NC).
Results
We retrieved 57,299 records but eliminated 66 records with misplaced fields, leaving a total of 57,233 records for analysis. We analyzed the completeness of the minimum dataset and found that 393 studies did not provide the gender for eligible subjects, 287 studies did not specify the type of study, and 5908 did not specify intervention or exposure (Table 1) . We noticed a marked inconsistency in the classification and reporting of
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Shamliyan patient conditions, which made statistical analysis difficult. For example, "non small cell lung cancer" was reported variously as "non-small cell lung cancer", "non small cell lung carcinoma", or "NSCLC". More than 50% of the studies included adult subjects, and 85% of all studies recruited both genders. Children and seniors were included in a very small proportion of studies. More than 60% of closed studies were completed, and more than 65% of closed studies examined the effects of pharmacologic treatments. A total of 39% of all studies were sponsored by industry. Most of the studies (97%) did not have their results posted on the website.
Of 31,161 applicable closed interventional studies, 4.5% had results available. Proportions of studies with results contained similar age and gender groups ( Table 2) . Studies with children as subjects tended to report results more frequently.
Industry-sponsored studies reported results more often (8.1%) than nonindustry-funded studies (Table 3) . Phase III and IV clinical trials reported results more often (total 14%) compared with Phase II trials (3%, Table 3 ). Suspended interventions (n = 414) and withdrawn interventions (n = 486) did not provide results or reasons for the cause of suspension or withdrawal ( Table 3 ). The first studies containing results (n = 3) were sponsored by Merck and added to the database in 2009. These three studies are listed as NCT00882440, NCT00886600, and NCT00887250, and were completed in 1992. Among the applicable closed interventional studies, 7446 did not provide a completion date. The proportion of the studies with results increased over time (see Figure 1) .
Among the applicable 31,161 closed interventional studies, the studies of hypertension and influenza reported results more 
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Mandatory reporting of interventional studies often (7.5% and 9.7%, respectively, Table 4 ). The most commonly reported examined disease states included breast cancer, schizophrenia, and pain. Most of the closed studies of these conditions did not report the results (Table 4) . The proportion of studies with results varied substantially between different sponsors (Table 5) (Table 6 ). The studies of several drug, including zidovudine, risperidone, and vildagliptin, did not report their results. Of 31,161 applicable closed interventional studies, 2860 were terminated and 5.3% of 2860 reported results (Table 7) . In terminated studies, the most common diseases involved were diabetes and human immunodeficiency virus. Of the terminated studies in prostate cancer, anemia, asthma, and rheumatoid arthritis, more than 10% reported results. The terminated studies of subjects with lymphoma, pain, obesity, heart failure, and colorectal cancer did not provide results. The majority of interventions that were suspended or withdrawn examined the effects of drugs (Table 8) . Breast cancer and prostate cancer were among the most common conditions for trials which were suspended or had interventions withdrawn.
Discussion
We found that a statistical analysis of compliance with mandatory reporting of results was difficult to perform. Missing or inconsistently reported study details, including patient diseases, study completion dates, and reported interventions may lead to wrong conclusions about a sponsor's compliance with federal law regarding study registration and reporting of outcomes. We could not identify a single well-defined field that has applicability status of individual studies to provide results. One variable provides information about the posting of the results. The changes in protocols and deviations from the planned presentation of the primary Both clinicians and the general public need complete and accurate information about study protocols and results. 9 Stakeholders should be able to find a clear description of interventions, including prior FDA approvals, off-label evaluations, investigational new drug applications and numbers, and investigational device exemptions, as well as the applicability of reported results. [18] [19] [20] Critical appraisal of the protocols and reported results on a regular basis by clinical epidemiologists may be worthwhile to ensure integrity of the clinical research reported on ClinicalTrials.gov. Clinicians and patients need independent access to protocols and market approval status of the tested interventions. Finally, our analysis found that none of the suspended or withdrawn studies reported either the baseline characteristics of enrolled subjects or the exact reasons for terminating the study. Posting the results of a study should be mandatory for all trials, regardless of prior FDA approval. 9, 11 Our study had several limitations. We defined the applicability of studies without evaluation of the market status of individual studies. We did not analyze deviations from the protocols when reporting the results. We did not analyze whether the sponsors posted the study results in a timely manner according to the expected date. Future research should analyze time intervals between completion of the study, posting of results, and publication of the results in peer-reviewed journals.
We conclude that compliance with the requirements to post results of closed studies is low for both industry-and nonindustry-sponsored studies. The need for studies to report the results should be identified in the database during the registration of the studies.
